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The soils of the grasslands and bushclumps within permanent 1 00-m2 quadrats in the Andries Vosloo Kudu Reserve, 
Cape Province, were examined. Eight soil variables (moisture content, organic content, conductivity, pH, Ca, Mg, K 
and Na concentration) were determined. The soils of the grasslands were found to be poorer than those of the 
bushclumps in Ca, Mg, K and Na. Soils of the grasslands had lower conductivity and pH values than the soils of the 
bushclumps. Bushclumps soils contained higher percentages of organic material, with higher moisture content, Mg 
and Ca. Ordination by means of principal component analysis of the eight variables revealed a relationship between 
phytosociological classification and soil attributes. 
Die gronde van die grasveld en bosgroepe in 100-m2 permanente persele in die Andries Vosloo Koedoereservaat, 
Kaapprovinsie, was ondersoek. Agt grondeienskappe (waterinhoud, organiese-inhoud, konduktiwiteit, pH, Ca-, Mg-, 
K- en Na-konsentrasie) was bepaal. Die gronde van die grasveld, met betrekking tot Ca, Mg, Ken Na ~as armer as 
die van die bosgroepe. Die grond van die grasveld het laer konduktiwiteit en pH waardes as die van die grond onder 
die bosgroepe getoon. Die grond onder die bosgroepe bevat hoer persentasies organiese materiaal, met hoer 
waterinhoud, Mg en Ca. Ordening deur middel van hoofkomponent-analise van die agt eienskappe het 'n ver-
wantskap tussen fitososiologiese klassifikasie en grondkwaliteit aangedui. 
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Introduction 
Multivariate analysis assists in elucidating the environ-
mental gradients which exist in natural systems (Kessell 
1979; Whittaker 1975). These gradients may directly in-
fluence floristic composition of plant communities. Studies 
of the soils of southern Africa indicate that relationships do 
exist between plant species distribution patterns and soil 
chemical properties (Bosch 1977, 1978; Hartmann et al. 
1979). Ecological investigations of ecosystems generally 
provide information on the soil chemical composition 
(Harmse 1977; Jooste 1980; van der Merwe 1976), but mul-
tivariate analysis of the vegetation-soil relationship is sel-
dom carried out. 
Kessell (1979) suggests that if the phytosociological clas-
sification achieved by indirect gradient analysis cor-
responds to an environmental gradient, the methods of 
direct gradient analysis may be employed to further reduce 
and understand the data . The clarity of gradients dis-
tinguished by indirect analysis can therefore be improved 
by employing principal component analysis of soil or other 
environmental variables. 
The vegetation of the Andries Vosloo Kudu Reserve 
(A VKR) was investigated using the Braun-Blanquet phyto-
sociological technique (Palmer 1981). An acceptable classi-
fication was achieved, whereupon soil samples were collec-
ted from permanent quadrats to provide soil characteristics 
of the plant communities recognized (Crook 1981). Multi-
variate analysis of the soil chemical properties, similar to 
that conducted by Huntley & Birks (1979) in the Morrone 
Birkwood Nature Reserve, Scotland, was applied to pro-
vide an assessment of the relationships between plant com-
munities and soil characteristics. 
The study area 
The A VKR is 6 493 ha in extent, and is situated 40 km 
east of Grahamstown in the Fish River scrub variation of 
Acocks' (1975) Valley Bushveld. The reserve is located 
between 33° 04' and 33° 09' S; and 26° 37' and 26° 
49' E . Geologically the area comprises the Middelton for-
mation (Adelaide subgroup of the Beaufort group, Karoo 
supergroup), and consists predominantly of grey and 'red' 
mudstone and sandstone (Johnson & Keyser 1976). 
The climate may be described according to the Koppen 
classification as Cfa (C = warm temperate climate - cold-
est month 18°C to -3°C; f = sufficient precipitation dur-
ing all months; a = maximum temperature over 22°C). 
Mean annual rainfall is 434 mm, with peaks in October and 
March (Figure 1). 
The vegetation of the veld type has been described pre-
viously by Acocks (1975) as a 'semi-succulent, thorny 
scrub, about 2 m high'. In the study by Palmer (1981) 13 
plant communities were recognized. The gradient extends 
from the dwarf shrub land characterized by the Felicia fas-
cicularis-Walafrida geniculata association , through the 
succulent bushclump savanna of the Portulacaria 
afra-Ruellia cordata association to the woodland of the 
southern slopes characterized by the Hippobromus pauci-
florus-Schotia latifolia association . 
The vegetation comprises a mosaic of bushclumps and 
grasslands, with as many as 18 woody species occurring in 
one bushclump. The indirect gradient analysis of the 
Braun-Blanquet technique provided a classification which 
is summarized in a synoptic table of the differential and 
abundant species (Table 1). 
The dwarf shrub land contains six communities which 
poorly reflect the environmental gradient within these kar-
roid types. The apparent gradient within these com-
munities extends from the dry sub-climax grasslands cha-
racterized by the Eragrostis lehmanniana-Crassula 
ericoides sub-association to the mesic environment of the 
drainage lines, where Mariscus uitenhagensis and Hy-
parrhenia hirta are diagnostic. The woody component re-
flects a gradient from the mesic bushclumps characterized 
by the Scutia myrtina-Rhus incisa sub-association to that of 
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a - number of recording years (rainfall) 
b - number of recording years (temperature) 
c - altitude (m) 
d - mean monthly temperature (OC) 
e - mean monthly rainfall (mm) 
f - highest annual rainfall 
g - mean annual rainfall 
h - lowest recorded annual rainfall 
Figure I The climate diagram for the Andries Vosloo Kudu Reserve 
Table 1 A synoptic table of the plant communities of the 
Andries Vosloo Kudu Reserve. The numerals are ratings 
of constancy of each species in each community based 
on a five-point scale: 1 = 1 to 20%; 2=21 to 40%; 3=41 
to 60%; 4=61 to 80%; and 5=81 to 100% constancy 
Community number 
Number of quadrats per 
1 1 
1 1 
1 2 
a b 
1 1 1 2 2 2 
2 2 2 1 1 2 
2 3 1 1 1 
a b a 
2 2 2 3 
222 
112 
b c 
community 5 5 6 3 3 2 8 5 11 9 3 8 4 
Mariscus uitenhagensis 
Crassula expansa 
Hyparrhenia hirta 
Urginea altissima 
Schismus inermis 
Olea europaea 
Leucas capensis 
Lepidium divaricatum 
Rhus refracta 
Acacia karroo 
Indigofera sessilifolia 
Azima tetracantha 
Buddleja saligna 
Limeum aethiopicum 
Oxalis bowiei 
Polygala leptophylla 
Becium burchellianum 
Crassula rogersii 
Cyanotis speciosa 
Protasparagus densiflorus 
Rhus incisa 
Hermannia coccocarpa 
Scutia myrtina 
Cassine crocea 
Dolichos hastaeformis 
Helichrysum cymosum 
A nthospermum aethiopicum 
Lotononis pungens 
Gazania linearis 
Eragrostis lehmanniana 
Crassula ericoides 
Coddia rudis 
4 
3 
2 
2 
2 
3 
4 
4 
2 
1 
5 5 
2 2 
3 
4 4 3 
4 3 
1 4 
5 4 
2 1 
2 1 1 
2 1 
2 2 
2 
1 
2 
4 
4 
4 
4 
2 4 
2 5 
5 
4 
4 
4 3 
4 
4 3 
2 5 
5 
455 
255 
2 5 3 
Helichrysum rosum 
Felicia fascicularis 
2 4 4 
242 
5 5 5 
5 4 3 
2 
1 
2 
1 
1 
2 
2 
1 
2 
3 
4 3 3 4 3 
1 2 1 2 1 
3 
3 
1 
Table 1 Continued 
Community number 
Number of quadrats per 
community 
Walafrida geniculata 
Sporobolus fimbriatus 
Nemesia floribunda 
Tragus berteronianus 
Senecio radicans 
Ruschia congesta 
Pachypodium succulentum 
Cymbopogon plurinodis 
Themeda triandra 
Gnidia cuneata 
Protasparagus striatus 
Hibiscus pusillus 
Kalanchoe rotundifolium 
Rhigozum obovatum 
Euphorbia bothae 
Delosperma calycinum 
Crassula perforata 
Ozoroa mucronata 
Crassula spathulata 
Grewia occidentalis 
Croton rivularis 
Rhynchosia calvescens 
Justicia protracta 
Asystasia stenosiphon 
Plumbago auriculata 
May tenus heterophylla 
Scolopia mundii 
Cussonia spicata 
Phyllanthus verrucosus 
Ptaeroxylon obliquum 
Ruellia cordata 
Portulacaria afra 
Rhoicissus tridentata 
Schotia afra 
Euclea undulata 
Crassula muscosa 
Jatropha capensis 
Commelina africana 
Panicum deustum 
Hippobromus pauciflorus 
Schotia latifolia 
Achyropsis leptostachya 
Panicum maximum 
Grewia robusta 
Brachylaena ilicifolia 
Digitaria eriantha 
1 
1 
1 
a b 
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the drainage lines characterized by the Rhus re-
/racta-Acacia karroo sub-association. 
The succulent bushclump savanna contains six sub-
associations, and reflects a much more convincing gra-
dient. The xeric community, characterized by the Pachypo-
dium succulentum-Senecio radicans sub-association IS 
encountered on the shallow shaley soils, and the gradient 
extends through a community mostly represented by the 
Euphorbia bothae-Rhigozum obovatum sub-association to 
that of the more mesic clumps represented by the Phyllan-
thus verrucosus-Ptaeroxylon obliquum sub-association. 
A number of quadrats in the woodland of the study area 
revealed an association between Hippobromus pauciflorus 
and Schotia lati/olia. No gradient was reflected within the 
association, but the significant structural difference be-
tween the associations makes it imperative that these data 
be considered. 
In this structurally complex vegetation indirect gradient 
analysis did not provide convincing results and an analysis 
of the direct gradient was deemed necessary. 
S. Afr. J. Bo!., 1988,54(4) 
Materials and Methods 
Soil samples were collected from 31 permanent 100-m2 
quadrats in a single operation in August 1981. A sample of 
100 cm3 was collected from the surface at two points within 
each quadrat using a bucket-type soil auger. Where the 
quadrat contained grasslands and bushclumps, one sample 
point was beneath a bushclump, and the other in the grass-
land. The surface litter was carefully removed before the 
sample was taken, and the location of the sample within the 
quadrat was noted. The samples were placed in separate, 
water-tight bags for transfer to the laboratory. 
Within 12 h after collection, the soil samples were prepa-
red for soil moisture and organic content determination. 
Soil (5 g) from each sample was weighed, oven dried at 
lO5-110°C for 12 h and reweighed (British Standards In-
stitution 1975). Moisture content (%) was calculated ac-
cording to van Rooyen (1978). Organic content (%) was 
determined by heating samples at 550°C for 1-2 h in an 
electric muffle furnace. 
The pH of the suspension was determined using a Met-
c § , 
... 
8 
v 
• ... 
'(j 
0.5 
c: 0.3 
;t 
." 
C 
3 
~ 
'" 
0.1 
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rohm pH meter Model E 280A after 20 g of sieved (mesh 
size 2 mm), air-dried soil had been transferred to beakers 
and 50 ml distilled water added. The suspension was left for 
24 h and conductivity (fLmhos cm-I ) was measured using an 
Electronic Switchgear Conductivity Meter Model MC-1, 
Mark V. Ammonium acetate (pH=7) was used for cation 
extraction according to the method of FSSA (1974). Ex-
changeable cations were removed by ammonium acetate, 
and the exchange material (soil) becomes saturated with 
ammonia (Chapman 1965). Strontium nitrate solution was 
added to the filtrate to counteract the depressing effect of 
phosphate on Ca and Mg determination (FSSA 1974). Na, 
K, Ca and Mg concentrations (ppm) in the filtrate were de-
termined by atomic absorption on a Varian Techtron 
Atomic Absorption Spectrophotometer AA5. 
Numerical analysis of the soil characteristics 
The soil data for the 31 quadrats consist of eight variables 
[moisture content (%), organic content (%), pH, con-
ductivity (fLmhos cm- I ), Ca concentration (ppm), Mg 
----t-~------,-lT.~~~--~~,r--~~~9~------_,r_---A~79L,r_------r_----70'~'-------,------~1~ 
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Figure 2 A plot of the first and second principal component axes following principal component analysis of eight soil variables. The soil samples 
were collected In the grasslands and dwarf shrublands (open symbols) and the bushdumps (dosed symbols) on the Andries Vosloo Kudu 
Reserve 
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concentration (ppm), K concentration (ppm) and Na 
concentration (ppm)]. The variables were initially stan-
dardized to zero mean and unit variance because of the dif-
ferent measurement units (Seal 1964). Ordination of the 
samples on the basis of the soil data was carried out using 
principal component analysis (PCA) (Cooley & Lohnes 
1971). The phytosociological classification of each quadrat 
was indicated on the plot of the first and second principal 
component axes. Tukey's multiple range test was applied 
to the data using the SPSS software package (Nie et al. 
1970). 
Results and Discussion 
The symbols on Figure 2 indicate physiognomic and phyto-
sociological classification of the releves where the samples 
were taken. The boundaries of each group in Figure 2 were 
determined after subjectively examining the distribution of 
the quadrats. 
Tukey's multiple range test recognized more than one 
subset for Ca concentration only (p < 0,05). Grassland 
samples in the dwarf shrubland (1.2) and in the succulent 
bushclump savanna (2.1) were in subset 1 only, and the 
bush clumps represented by the Portulacaria afra-Ruellia 
cordata association (2.2) were in subset 2 only (Table 2). 
S.-Afr. Tydskr. Plantk., 1988,54(4) 
Soils under the bushclumps consistently contained higher 
concentrations of Ca and Mg, together with higher 
moisture and organic content (Table 3). This may be due to 
protection from splash erosion and raindrop impact affor-
ded by the good canopy (Ward 1975). Trampling by do-
mestic and wild ungulates would also be at a minimum. 
Correlation co-efficients computed for all pairs of soil 
characteristics showed significant correlation values 
(p < 0,01) for 15 pairs of characteristics (Table 4). The 
nature of the relationship between Ca and % moisture is 
possibly a function of the presence of the Ca cation in a 
moist environment. An important property of humus is its 
high cation exchange capacity, which explains the increase 
in Ca with increasing organic content. This increase is con-
firmed by Tukey's test (Table 2). Within the two subsets 
there is clearly an increase in Ca from grasslands to bush-
clumps. 
Na and K cations are present in the soil under conditions 
of high cation exchange capacity i.e. high organic content. 
These minerals become leached out of the soil under con-
ditions of low cation exchange capacity. The relationship 
between organic and moisture content is explicable as 
humus has a high surface area to volume ratio and is able to 
retain moisture (Eyre 1968). 
Table 2 Subsets of mean Ca (ppm) for each community, after applying Tukey's multiple range 
test (Nie et al. 1970) (p < 0,05) 
Plant community 1.2 (g) 2.2 (g) 1.1 (g) 2.1 (g) 1.2 (b) 1.1 (b) 2.1 (b) 3 (w) 2.2 (b) 
Subset 1 
Mean Ca (ppm) 96,9 97,2 109,2 113,6 142,3 157,8 195,3 201,3 
Subset 2 
Mean Ca (ppm) 109,2 113,6 142,3 157,8 195,3 201,3 258,0 
g = grassland sample, b = bushclump sample, w = woodland sample 
Table 3 The mean values for each soil characteristic in the groups represented in Figure 3. 
These means were calculated from the best-represented associations within the boundaries 
indicated in Figure 3 
Concentrations (ppm) 
Plant community Conductivity 
Group number % moisture % organic (JLmhos cm- I ) Na K Ca 
A 1.2(g) 2,43 4,11 55,6 4,31 31,3 82,6 
B 1.1 (g) 3,30 4,86 102,3 7,53 56,7 127,6 
C 1.J(g) & 2,77 4,31 87,7 5,60 29,6 89,5 
2.1 (g) 
0 2.1 (b) 3,55 5,00 125,0 3,74 21,8 119,8 
E 2.2(b) 4,56 6,44 229,0 11,76 52,6 228,5 
F 2.2(b) 11,00 7,56 243,0 6,46 40,2 481,5 
g = grassland, b = bushclump 
Table 4 Matrix of the correlation coefficients of the eight soil variables determined in 
the AVKR 
Organic 
content pH Conductivity Na K Ca Mg 
Moisture 
content 0,602 0,363 0,377 0,095 0,139 0,823 0,561 
Organic 
content -0,019 0,661 0,230 0,248 0,630 0,495 
pH -0,052 0,269 0,314 0,389 0,496 
Conductivity 0,491 0,257 0,573 0,288 
Na 0,616 0,201 0,335 
K 0,145 0,512 
Ca 0,428 
Mg 
18,71 
25,2 
24,1 
21,7 
35,6 
42,6 
S. Afr. J. Bot., 1988, 54(4) 
The position of the 62 samples on the first two principal 
component axes are plotted in Figure 2. The first compo-
nent accounts for 46% of the total variance (Table 5), and 
has positive loadings for Ca, moisture content, organic con-
tent, Mg and conductivity. These characteristics account 
for 78,4% of the total variance of the component. K, Na 
and pH assume negative loadings for this component. In 
edaphic terms the component is contrasting organic soils 
which have a high moisture content and associated mine-
rals, with dry, minerally poor soils of lower pH. 
The second principal component (19% of total variance) 
has positive loadings for Ca, moisture concentration, or-
ganic concentration, Mg, conductivity and pH, and high 
negative loadings for K and Na. In edaphic terms this com-
ponent contrasts samples of high K and Na values from 
those samples with low concentrations of these elements. 
The plot of the first and second principal components 
(Figure 2) result in the grouping of samples into grasslands 
with negative loadings for both components, and a bush-
clump grouping with positive loadings in the first compo-
nent. In vegetational terms the first component parallels 
the physiognomic differentiation between the woodland 
and mesic bushclumps on one hand (groups E, F) and the 
grasslands and xeric bushclumps (groups A, B, C & D) on 
the other hand. 
The dwarf shrubland (1.1 and 1.2) was recorded prima-
rily adjacent to the drainage lines of the study area. Her-
baceous species within the grassland-scrub component of 
these communities include Sporobolus jimbriatus, Heli-
chrysuf/1 rosum, Chrysocoma ciliata, Felicia fascicularis, 
Walafrida geniculata and Phyllanthus incurvus. These 
species are of karroid origin (Werger 1980) and are appa-
rently adapted to survival in the leached, impoverished 
soils. 
Group A consists of those samples collected in the grass-
lands of the drainage line and mesic bushclump savanna 
communities. In group A (releves 48, 49, 50 & 54), the 
mean organic and moisture content for the soils is the 
lowest of the 6 recognizable groups (Table 3). Similarly the 
group has pH and conductivity means lower than all the 
other groups. Mineral content (Na, K, Ca and Mg) is also 
Table 5 (a) The percentage of total variance accounted 
for by each principal component, and (b) the loading of 
each soil factor in the first three principal components 
(a) % of total variance accounted 
Component for by each component 
1 
2 
3 
4 
5 
6 
7 
8 
(b) 
C 
<U 
c 
0 
0-
E 
0 
u 
1 
2 
3 
<U .~ C .... -;:> C @E .~ 2 Ollc o c 
.... 0 o u ~ 8 
15,7 16,4 
9,9 9,3 
5,7 9,4 
46 
19 
16 
8 
4 
3 
2 
2 
Loading of soil factor (%) 
Mg Ca K Na pH 
15,5 18,0 8,0 7,9 5,7 
4,0 9,6 30,2 22,2 11,7 
5,7 2,6 2,7 13,7 / 35,3 
Co 
:~ 
u 
;:> 
"0 
c 
0 
u 
12,8 
3,1 
24,9 
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relatively low in the groups, indicating a leached, poor soil. 
The low Ca and Mg values account for the low pH. Dif-
ferential species of this community are Indigofera sessili-
folia, Limeum telephoides and Leucas capensis . The sam-
ples comprising group B (releves 9, 46 & 79) were collected 
in the grasslands of community 1.1. Mean Na and K con-
tent is high and the differential species distinguished in this 
community were Eragrostis lehmanniana and Crassula 
ericoides. 
Group C consists of soil samples from grasslands of com-
munities 1.1, 1.2,2.1 and 2.2. The one characteristic dis-
tinguishing this group from group A is the higher Mg con-
centrations and associated increase in conductivity. 
Group D (releves 38, 42, 52, 53 & 55) consists of samples 
from the bushclumps represented by the Portulacaria 
afra-Ruellia cordata association. These soils are minerally 
rich with high Ca and Mg, and conductivity (125 JLmhos 
cm- I ) values. Six of the 14 samples collected within this 
community are contained within the group. The high Ca 
levels were probably derived from the organic material. 
These releves were classified in the phytosociological 
survey as a noorsveld community characterized by the 
Euphorbia bothae-Rhigozum obovatum sub-association . 
Group E (releves 37, 39, 56, 76 & 78) also consists of soil 
samples collected from bushclumps in the Portulacaria 
afra-Ruellia cordata association (2). Organic and moisture 
content are relatively high, with high Ca levels (x = 161,5 
ppm). The differences between the floristic characteristics 
of groups D and E are the absence of Euphorbia bothae and 
Rhigozum obovatum in the latter. This has been elucidated 
by the multivariate analysis. 
Group F (releves 100 & 57) consists of one sample collec-
ted in a bushclump of the bushclump savanna and two sam-
ples in the organically rich soils of the woodland. The ordi-
nation distinguishes this group from the rest on the basis of 
its high Ca levels (x = 11,03%) and organic content (x = 
7,57%). The woodland physiognomic class needs further 
investigation, as it is not well represented in the study area. 
Conclusions 
The results of this study elucidate the differences between 
soils of the grasslands and bushclumps of the phy-
siognomically heterogeneous vegetation. Bushclump and 
woodland soils contain more minerals than those of the 
grassland and karroid areas. The mineral richness and low 
organic content of the grassland soils is indicative of soils in 
the early stages of pedogenesis (Eyre 1968). These dif-
ferences can largely be accounted for by the protection of 
the soils beneath the bushclumps from erosion, and the ac-
cumulation of organic material. 
However, the differences recorded between bushclump 
groups (Figure 2) are interesting. The bushclumps of the 
Euphorbia bothae-Rhigozum obovatum sub-association 
are clearly separated from the bushclumps of the Phyllan-
thus verrucosus-Ptaeroxylon obliquum sub-associaton. In 
the former, Na levels in the soil are higher, with associated 
high conductivity, whereas moisture, organic content and 
Mg are lower. 
This study has underlined the complex relationship that 
exists between the vegetation and soils of the Great Fish 
River valley. This investigation of the macro-nutrients in 
the soil does not exclude the possibility of N, micro-
nutrients and trace elements contributing to plant distribu-
tion patterns. The phytosociological classification (Palmer 
1981) of the vegetation of the study area did not elucidate 
clearly the environmental gradients. This multivariate ana-
lysis of the edaphic factors has contributed to the final un-
derstanding of that classification. Phytosociologists should 
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make sure that their classifications are fully ecologically in-
terpretable, and these can be improved by using recognized 
statistical techniques available for assessing gradients . 
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